In an era of accountable care, understanding variation in health care costs is critical to reducing health care spending.
by disease characteristics, patient preferences, or the dictates of evidence-based medicine, unwanted resource utilization has been reported among a wide variety of diseases and procedures. 3 Although previously thought to be largely owing to regional differences in practices and payment structures, previous reports [4] [5] [6] [7] suggest that a significant proportion of this variation is more likely because of differences among providers, including physicians and hospitals. Policymakers have proposed provider-focused interventions, such as bundled-payment systems, accountable care organizations, and value-based purchasing, to reduce escalating health care costs while maintaining a high quality of care. 8, 9 Hepatic and pancreatic resections represent complex surgical procedures that remain the mainstay of treatment for benign and malignant conditions of the hepatopancreaticobiliary (HPB) system. Although mortality after these procedures has steadily decreased over time, HPB operations continue to represent complex surgical procedures associated with high postoperative morbidity. [10] [11] [12] Therefore, the limited research assessing costs associated with HPB surgery have not surprisingly revealed that hospital costs are primarily driven by postoperative complications and postdischarge care. [13] [14] [15] For example, Kachare et al 16 noted that total hospital costs were almost 5 times greater among patients developing a postoperative complication after pancreatic surgery, whereas Nathan and colleagues 17 found that hospital reimbursements were nearly 50% higher among patients who developed a postoperative complication after HPB surgery. 16, 17 In contrast, another study 18 has suggested that higher hospital volume, improved clinical pathways, and surgeon experience are associated with decreased hospital expenses. Although providing valuable insight into the variations in costs, these studies are limited to single-center reports or report hospital charges that are an inaccurate representation of hospital financials and confounded by policies of insurance practitioners and institutions. The current study aimed to describe variations in costs after HPB surgery using a nationally representative data set.
In particular, we sought to identify factors associated with increased hospital costs and quantify variations in costs among individual hospitals across the United States.
Methods

Data Source and Patient Population
This cross-sectional study was performed in May 2015 using data from the Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project collected from January 
Statistical Analysis
Continuous variables were described as means (SDs) or medians (interquartile ranges [IQRs] ) and compared using the t test or the nonparametric Kruskal-Wallis test as applicable. Categorical variables were similarly expressed as whole numbers and proportions and compared using the Pearson χ 2 test.
Total hospital charges as provided within the data set were inflation adjusted to and reported as 2012 US dollars using the Consumer Price Index maintained by the US Department of Labor. 21 As previously noted, hospital charges may be confounded by payer policies and other factors unrelated to resource utilization. Therefore, total hospital costs were calculated for each hospital using hospital-specific cost to charge ratios developed by the Agency for Healthcare Research and Quality.
To examine factors associated with total hospital costs after liver or pancreatic surgery, we built a mixed-effects multivariable linear regression model adjusting for patient-and hospitallevel characteristics. Following the natural hierarchical structure whereby patients are clustered within hospitals each with their own respective characteristics and policies, a random-effects intercept was specified at the hospital level. Selection of patientand hospital-specific variables (fixed effects) was based on results from univariable analysis. In particular, variables that demonstrated statistically significant associations, defined as P < .05, were included in multivariable analysis. Results from the multivariable analysis are presented as coefficients with corresponding 95% CIs and represent the difference in total in-hospital costs between patients groups. Using previously described methods, we quantified interhospital variability in total costs by the SD of the hospital effect calculated from multivariable analysis.
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Statistical significance for all tests was defined as P < .05. All
Research Original Investigation
Interhospital Cost Variability for Liver and Pancreatic Resections A total of 42 480 patients underwent a liver or pancreatic resection and met inclusion criteria ( Several patient and hospital characteristics differed between patients undergoing a liver compared with pancreatic resection (Table 1 ). Among the 18 923 patients (44.5%) who underwent a liver resection, 5874 (31.0%) underwent a hepatic lobectomy, whereas a partial hepatectomy was performed in 13 049 (69.0%). Of the 23 557 patients (55.5%) in whom a pancreatic resection was performed, more than half (n = 12 968 Table 2 ). This pattern was observed throughout the 10-year duration of the study. In particular, postoperative complications after pancreatic surgery were observed in 31.9% to 39.1% of patients compared with 22.9% to 30.1% of patients undergoing a liver resection (eFigure 1 in the Supplement).
Therefore, patients undergoing liver surgery not surprisingly had a shorter length of stay (LOS) than patients discharged after pancreatic surgery (median LOS, 6 days [IQR, 5-8 days] vs 7 days [IQR, 6-10 days]; P < .001). Although less than 20% of patients undergoing liver surgery had an LOS greater than 9 days (n = 3651 [19.1%]), nearly a third of patients who had a pancreatic resection had an LOS greater than 9 days (n = 3093 [28.9%], P < .001).
Total Hospital Costs
The median total hospital cost for surgery for the entire co- To further explore variations in total hospital costs, a multivariable hierarchical linear regression model adjusting for patient-and hospital-level characteristics was built with a random-effects intercept at the hospital level. On multivariable analysis, several patient characteristics were associated with increased total hospital costs ( Table 3 ). For example, female patients and patients with preexisting comorbidity were associated with a higher total cost (all P < .05). Of note, although no differences in cost were noted among patients with a CCI of 1 and patients without any comorbidity, patients with a CCI of 2 or higher had more than $2000 higher in-patient costs (coefficient, 2000.30; 95% CI, 1363.33-2637.27; P < .001). Differences in cost were similarly noted by procedure, with patients undergoing a hepatic lobectomy (coefficient, 6336.42; 95% CI, 3934.61-8738.24; P < .001), a partial pancreatectomy (coefficient, 6664.79; Using results from the multivariable analysis, we quantified interhospital variability in total costs. Despite adjusting for patient and hospital characteristics, total inpatient costs varied by approximately $9000 (coefficient, 8987.06; 95% CI, 8374.91-9643.96; P < .001) among hospitals in patients undergoing HPB surgery (Table 3 ). Of note, among patients who did not develop a postoperative complication, hospital characteristics, such as hospital region and annual volume, were more predictive of a higher cost compared with patient-specific characteristics, such as age, comorbidity, and type of surgery ( Figure 2 ).
Discussion
Variations in health care provision not explained by disease, patient preference, or the dictates of evidence-based practices are frequently cited as evidence of unnecessary or wasteful resource utilization. 2, 3 On the basis of a report by the Institute of Medicine that suggests that variations in care were strongly associated with differences in physician and hospital characteristics and practice, policymakers have proposed provider-focused policies, including bundled-payment systems, accountable care organizations, and value-based purchasing, as potential means to curtail increasing health care costs. 4, 5 Despite this increasing emphasis on cost control, there are limited data describing variations in and factors associated with cost among the surgical population. With the use of a nationally representative data set, the current study examined and quantified variations in total hospital costs among 42 480 patients undergoing either a liver or pancreatic resection in the United States. Of note, we found that although patient-specific factors, such as patient age, sex, and comorbidity, were important drivers of cost, a larger proportion of the variation in inpatient costs was noted at the level of the hospital. In particular, regional differences were noted in total hospital costs and differences in teaching status. Of utilization among patients who develop a postoperative complication after major surgery, few studies provide data pertaining to the relative economic implications of postoperative complications. The current study noted that patients who developed a postoperative complication had a marked incremental increase in costs that ranged from $6000 to $30 000. Although the development of postoperative complications may reflect differences in quality of care, they are likely also a consequence of differences in patient characteristics, such as comorbidity or severity of illness. Supporting this notion, the current study found that patients with greater comorbidity (CCI ≥2) had a $2000 higher hospital cost. Furthermore, patients undergoing more complex procedures, such as total pancreatectomy or hepatic lobectomy, had the highest inpatient costs of care. Similar to these findings, the study by Kachare et al 16 found that patients undergoing a pancreaticoduodenectomy had the highest hospital costs compared with patients undergoing other pancreatic resections. Taken together, findings of the current study suggest that quality improvement strategies should not only target practitioners and processes but also account for the inherent variations in patient case mix and disease severity. Another important finding of the current study was that total hospital costs were noted to vary by geographic region. In particular, despite accounting for patient and hospital characteristics, the cost of HPB operations was noted to be approximately $9300 higher at Western hospitals. Although regional variations in health care costs have been previously described, there is disagreement regarding the appropriate policy responses. 4, 5, 7 Proposed regional policies include reducing Medicare payments to high-spending regions and limiting the supply of health care resources using certificate-of-need criteria. 4 Supporting the implementation of regional policies, previous reports 5, 24 have suggested that decreasing regional variations for inpatient services would result in an overall 27% reduction in Medicare expenditures. In contrast, a previous study 4 has called into question the implementation of such policies, indicating that doing so may unfavorably penalize high-performing hospitals and health care professionals in low-performing regions. Supporting this notion, the current study noted higher costs among patients treated at teaching hospitals and hospitals with a higher surgical volume. The implementation of traditional policies to penalize such hospitals caring for a large proportion of complex and uninsured patients may serve to widen health care disparities and in fact decrease the overall quality of care. Furthermore, other studies 4,5 have suggested that rather than regional variations in health care, differences in hospital and physician characteristics better explain variations in health care. The current study similarly noted that although regional differences were important, the relative effect among individual hospitals was noted to be higher. In particular, we noted that independent of patient and hospital characteristics, the costs of surgery varied by approximately $9000 among hospitals. Hussey and colleagues 4 similarly found that although hospital referral regions accounted for up to a third of variations in costs with different conditions, most variation in costs was attributable to differences among individual hospitals.
Results from this study therefore collectively suggest the variations in costs would be best reduced by a reorientation of practice from traditional high-volume practice to a more deliberate value-oriented care. The current study should be interpreted with several limitations. Using data collected from administrative claims, the study was bound by limitations inherent to administrative data. 25 In particular, the data set lacked granular details pertaining to cost and resource utilization. Itemizing the individual components of the total cost, such as operating room costs, ward costs, pharmacy costs, and postoperative investigations or procedures, may assist in elucidating the specific reasons for the significant interhospital cost variability. Furthermore, because data were limited to the inpatient experience of patients, we could not comment on variations in the costs of postdischarge care, which is a significant contributor to variable health care costs. Despite these limitations, the use of a large, nationally representative data set facilitated a broad, generalizable comparison among US hospitals. In addition, unlike previous studies that assessed hospital charges that may be confounded by the preferences of insurers, this study examined total hospital costs, which allowed for a more accurate measure of health care spending and resource utilization.
Conclusions
Significant variability was noted in hospital costs among patients undergoing pancreatic and liver surgery. Although a proportion of this variability was accounted for by patient and operative factors, the most significant driver of increased costs was the development of postoperative complications. Furthermore, despite accounting for patient case mix and hospital characteristics, significant interhospital variations in costs were noted for patients undergoing HPB surgery. Newer, more robust policies and payment services are necessary to decrease anomalous variations in surgical costs while promoting a high-quality, cost-effective provision of care.
